assessed through Dual X-Ray Absorptiometry imagining and physical activity through selfreported survey scores. While no differences in median %BF were associated with seroconversion rates in participants, the median physical activity score was higher among those that did not seroconvert to the vaccine. Significant differences were found for the A/Texas strain (p<0.01) and a similar trend of lower magnitude observed for the remaining two influenza strains. These results suggest that higher physical activity levels may influence immune response to vaccination and that assessing factors beyond those commonly used can be of value when identifying vaccine response in the population.
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Introduction
Canadian hospitalization and mortality rates associated with influenza indicate that the demographic composition of those most impacted by the virus can change over time (Alberta Health, 2015) . For example, during the 2012/13 and 2013/14 seasons the rates reported for the young and elderly were observed to be much higher than any other age group. In comparison, during the 2009 H1N1 pandemic, differences in this pattern were observed with higher than usual proportions of young and middle aged adults being impacted (Alberta Health, 2014) .
Differences in these rates have also been found to be associated with other factors such as adiposity (Louie et al., 2011 , Van Kerkhove et al., 2011 , and lifestyle. For example, the volume of physical activity has been found to influence both risk of upper respiratory tract infections as well as antibody production to influenza vaccine (Kohut et al., 2002; Nieman, 1994) .
After conducting a survey of published literature and noting that there was an absence of 'goldstandard' (RCT) data, we looked for an evidence base and this consisted mainly of observational studies comparing mortality in self-selected groups of diseases (Loubet et al., 2016) . We did find that the currently available evidence highlighted adiposity and lifestyle as emerging factors in the field of immune response and influenza vaccination (Middleman et al., 2010; Milner & Beck, 2012; Sheridan et al., 2012 , Talbot et al., 2012 . To add to this discussion, we sought to determine the immune response of young men (aged 18-35) to the 2014/15 seasonal influenza vaccine. To further add to the literature our goals were to investigate if a trend could be found between adiposity and immune response to vaccine in this population. Finally, we wanted to investigate if a trend existed between physical activity level and immune response to vaccine.
We hypothesized that seroconversion and seroprotection would be observed for most participants D r a f t but increases in adiposity and low levels of physical activity would reduce the effectiveness of vaccination.
Methods

Study Subjects:
The inclusion criteria for the AIM (Adiposity, Influenza in Men) study were sex (male), and age 
Study Design:
This study was conducted as a prospective cohort with rolling recruitment of participants. Data collection occurred at two time points, one baseline session prior to vaccination and four weeks post vaccination. At the baseline session, demographic information was collected through self- the Fluviral® name. After receiving confirmation from participants that they received the vaccine they were scheduled for a four-week post vaccination blood draw.
Sample Collection
Whole blood was collected from participants using 3.5ml (13x75mm 
DXA Scanning
Body composition was assessed using a Hologic Discovery QDR Series AX (Bedford, Massachusetts) Dual X-ray Absorptiometry scanner following standard manufacturer protocols.
Physical Activity Questionnaire
The Godin Shepard Leisure Time Physical Activity Questionnaire was used to generate a selfreport score for physical activity. This questionnaire asked participants to report the duration and frequency of high, moderate and low physical activity that they participated over an average week. This information was then used to generate a Physical Activity Score using the formula developed by Godin and Shepard (1997) .
Statistical Methods
The primary outcome measure for this study was seroconversion. Seroconversion was defined as an at least four-fold increase in antibody titer pre-to post vaccination. Using this measure, participants either seroconverted or failed to seroconvert for each of the three influenza strains included in the seasonal vaccine. Seroprotection was a secondary outcome measure for this study and was defined as an antibody titre of at least 160. The independent variables were %BF and platform.
Results and Discussion
Characteristics of the study subjects
The baseline characteristics of all participants including dropout and return are described in Table 1 . The median age of returning participants was 23 with an age range of 18-35 years. The sample was slightly skewed towards the inclusion of younger participants but the entire age range was represented in the final sample. Weight, BMI, Body Fat (%BF) and Physical Activity Score were not significantly different between dropouts and return participants.
Vaccination History
The majority (66%) of participants self-reported that they had not received an influenza vaccination over the past five years (n = 27). The remaining participants indicated that they had 
Immune Response
The immune responses of participants to the 2014/2015 vaccine was observed to be different for each of the three component strains and is summarized in Table 2 . shows the percent of the participants that seroconverted which ranged between 57 and 72%. The greatest seroprotection occurred for the A\California and B\Massachusetts strains with observed increases of 32 and 54%, respectively.
Body Fat Percent
No significant differences were found when comparing seroconversion rates for the three strains to participant %BF. Furthermore, no distinct trend emerged in the values of median %BF which is summarized in Table 3 for seroconverters and non-seroconverters for each vaccine strain.
Physical Activity
Participants who did not seroconvert reported higher Physical Activity Scores. Significant differences were found for the A/Texas strain (p<0.01) with a mean Physical Activity Score for non-seroconverters of 81 versus 46 in the seroconverting group. A similar trend of lower magnitude observed for A/California and B/Massachusetts (62 vs 53, p=0.25 and 47 vs 64, p=0.92 respectively). These results are summarized in Table 4 , which contains the median Physical Activity Scores for seroconverters and non-seroconverters.
Recruited Sample
The study participants' %BF range was 9.4-31.5 with a median of 15.9%. Currently the best resource that reports %BF in the North American population is the National Health and Nutrition Examination Survey (NHANES). In American males from a similar age group (20-39) a mean %BF of 26.1 was recorded (Li et al., 2009) . Mean %BF in the sample recruited for this study was 17.5. This suggests that despite our interest in recruiting a representative sample of males in this age group, the sample represents a subset of the North American population with lower adiposity.
While participants (n=76) and dropouts (n=31) were not found to be significantly different in BMI (p=0.30), this study experienced a dropout rate of 41%. Due to the availability of vaccine, recruitment for this study occurred over a three-month period beginning at the end of October through to the end of December 2014. This is the only time of the year where Calgarians would have easy access to the influenza vaccine through Alberta Public Health clinics. A reality of this tight timeline is that it resulted in most of the data collection occurring during the lead up to the D r a f t holiday (Christmas) season. It is likely that the holiday season and the early morning fasting blood draws (6:00 am-7:30 am) were contributing factors to dropout.
Interpretation of Results
Most participants reported not having been vaccinated with an influenza vaccine in the past five years ( Figure 2 ). This is in line with data collected by Statistics Canada that showed Canadians aged 18-34 were the least likely to receive influenza vaccine (Gionet, 2015) . Comparing the two influenza A strains with the influenza B strain, antibody levels pre-vaccination for the influenza A strains were lower than for influenza B (Figure 3 ). This could in part be attributed to difference in attributes between influenza A and B strains. Antigenic evolution in influenza B strains occurs at a lower rate than for influenza A (Ferguson et al., 2003) . Low antigenic evolution rates result in individuals being exposed to influenza B strains more like previous strains (Ferguson et al., 2003) . A second contributor to this trend may be that in the previous American influenza season (2013) (2014) influenza A activity peaked earlier in the year than influenza B (CDC, 2015) . As HA antibody titers have been observed to decline over time (Hsu et al. 2014) , exposure to influenza strains closer to this study's baseline may in part explain the trends seen. The proportion of study participants post vaccination that were seroprotected was 93% or greater for each of the three influenza strains (Table 3) D r a f t
Immune Response and Body Composition
No trends were found between seroconversion rates and participants' %BF within this study (Table 3 ). This result differed from our hypothesis (i.e., that differences in immune response would occur with changes in body composition) and this could have occurred due to several reasons. It may be that for the 2014/15 vaccine no trend occurred, or this trend could not be detected in the age group and sample chosen for this study. Both Talbot et al., (2012) and Sheridan et al., (2012) associated increases in HA antibody one-month post vaccination with increases in adiposity. However, these trends were not observed for all constituents of the vaccine indicating that any association may be variable by specific vaccinated strain.
Seroconversion and Physical Activity Score
Within the literature, the impact of physical activity on vaccine and antigen response has been studied primarily in older adults. While no formal meta-analysis of this population could be however, be noted that both studies focused on acute exercise interventions and as such, it is difficult to draw parallels to the cohort of individuals included in this work. Physical Activity Scores were high in the group recruited for this study with most participants reporting levels of activity far beyond the interventions used in previous literature. Godin states that a Physical Activity Score of greater than 24 provides "substantial [health] benefits" (Godin, 2011) . The median Physical Activity Score of all returning participants was 47 (Table 1) indicating that overall, that they were highly active. The higher median Physical Activity Scores seen in nonseroconverters (Table 4 ) suggest that they did not have as robust an immune response to influenza vaccination. This result again differs from our hypothesis that increased physical activity would lead to improved response to vaccination. These observations reflect the "j-shape"
curve found in studies focusing on exercise and immune response (Nieman, 1994; Heath et al., 1991) with moderate levels of physical activity being beneficial to immune response to vaccine and high levels exerting a negative effect. More recently, work completed by Cooper et al. 
Strengths and Limitations
Participants in this study are representative of a young and healthy group and the findings are generalizable to a larger group of similar aged and active males in Alberta, Canada. A methodological strength in this study was the use of the popular social networking sites Facebook.com and Reddit.com. Using minimal resources these sites allowed for the efficient engagement of a subset of the population that may not have been accessible through more traditional recruitment strategies. While the recruitment strategy was effective, 41% of participants failed to return for the final blood draw. Three attempts were made to contact and book participants before they were discontinued from the study. As the holiday season approached, participant communications became increasingly more sporadic making it difficult to book participants within the short time-line. One approach to addressing this for future study is to privately source the vaccine and administer it an earlier date. Finally, the findings of this study are limited to some extent due to reliance on the self-reporting physical activity measure.
The chosen measure has been validated (Gionet and Godin, 1989) and is in common usage but inherent in self-report is the potential for recall bias to occur (Sallis and Saelens, 2000) . Given additional time and resources a more scientifically rigorous confirmation would have been ideal.
Conclusions and Future Directions for Research
The most interesting result of this study was the trend observed towards lower vaccine response in young men who are very physically active. Balanced levels of moderate to vigorous physical activity are important for the maintenance of health and therefore further research needs to be completed to confirm and characterize this relationship. The potential influence of physical activity volume, intensity and type must also be considered. From a public health perspective, if individuals who are more physically active experience less protection, then steps will need to be D r a f t taken to consider more than just age and disease when classifying influenza "high risk" groups.
The inclusion of fitness level alongside adiposity and physical activity would better address the complexity of their biological interface. Given these results, an expanded prospective cohort incorporating direct measures of fitness (i.e. aerobic capacity) would be needed to address the existing gap in the literature. For this study, an in depth cytokine analysis of inflammatory mediators was not possible. Future work in this area should consider inflammatory cytokine levels as potential modifiers of immune response to vaccination.
These results highlight several challenges that currently exist in the field of vaccine assessment.
Individuals who fall into the "lower risk" category for influenza are underrepresented in vaccine research and subsequently this group become vulnerable and more likely to not develop herd immunity. This is recognized in the literature as Canadians within this age group have some of the lowest vaccination rates in the population (Gionet, 2015) . Low vaccination rates coupled with a lack of understanding of the factors that influence immune response increases the potential vulnerability of this subset of the Canadian population (Lautermilch et al., 2016) . These findings provide support for the argument that this age group warrants further study. An 
